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INFUSION PUMP 

RELATED APPLICATIONS 

This patent application is a continuation of and claims the 
bene?t of US. patent application Ser. No. 11/319,350 ?led 
Dec. 28, 2005, Which is a divisional of and claims the bene?t 
of US. patent application Ser. No. 10/172,807 ?led Jun. 14, 
2002, the entire disclosures of Which are fully incorporated by 
reference herein. 

TECHNICAL FIELD 

The present invention relates to a pump and more particu 
larly to an infusion pump for the delivery of a medication to a 
patient. 

BACKGROUND OF THE INVENTION 

Generally, medical patients sometimes require precise 
delivery of either continuous medication or medication at set 
periodic intervals. Medical pumps have been developed to 
provide controlled drug infusion Wherein the drug can be 
administered at a precise rate that keeps the drug concentra 
tion Within a therapeutic margin and out of an unnecessary or 
possibly toxic range. Basically, the medical pumps provide 
appropriate drug delivery to the patient at a controllable rate 
Which does not require frequent attention. 

Medical pumps may facilitate administration of intrave 
nous therapy to patients both in and outside of a clinical 
setting. Outside a clinical setting, doctors have found that in 
many instances patients can return to substantially normal 
lives, provided that they receive periodic or continuous intra 
venous administration of medication. Among the types of 
therapies requiring this kind of administration are antibiotic 
therapy, chemotherapy, pain control therapy, nutritional 
therapy, and several other types knoWn by those skilled in the 
art. In many cases, patients receive multiple daily therapies. 
Certain medical conditions require infusions of drugs in solu 
tion over relatively short periods such as from 30 minutes to 
tWo hours. These conditions and others have combined to 
promote the development of increasingly lightweight, por 
table or ambulatory infusion pumps that can be Worn by a 
patient and are capable of administering a continuous supply 
of medication at a desired rate, or provide several doses of 
medication at scheduled intervals. 

Con?gurations of infusion pumps include elastomeric 
pumps, Which squeeZe solution from ?exible containers, such 
as balloons, into IV tubing for delivery to the patient. Alter 
natively, spring-loaded pumps pressuriZe the solution con 
tainers or reservoirs. Certain pump designs utiliZe cartridges 
containing ?exible compartments that are squeeZed by pres 
sure rollers for discharging the solutions, such as in US. Pat. 
No. 4,741,736. Other references Which disclose portable 
infusion pumps include US. Pat. No. 5,330,431 (shoWing an 
infusion pump in Which standard pre-?lled single dosage IV 
bags are squeeZed by the use of a roller); US. Pat. No. 
5,348,539 (shoWing an infusion pump in Which prepackaged 
IV bags are squeeZed by a bladder Which is actuated by ?uid 
pumped from a reservoir); US. Pat. No. 5,429,602 (shoWing 
a programmable portable infusion pump system for injecting 
one or more medicinal substances into an individual); and 
5,554,123 (shoWing an infusion pump in Which the amount of 
?uid required to pump a bladder su?icient to fully dispense 
solution from a bag is less than the volume of an IV bag.). 
Infusion pumps utiliZing syringes are also knoWn Wherein a 
drive mechanism moves a plunger of the syringe to deliver 
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?uid to a patient. Typically, these infusion pumps include a 
housing adapted to receive a syringe assembly, a drive mecha 
nism adapted to move the syringe plunger, a pump control 
unit having a variety of operating controls, and a poWer 
source for poWering the pump including the drive mechanism 
and controls. 

While the discussed prior art and other designs have rec 
ogniZed the need for an infusion pump Which is smaller and 
more compact for mobile use by ambulatory patients or other 
patients, each has failed to address the need for a more suit 
able poWer source. Naturally, a portable pump must be sup 
plied With an equally portable poWer source as a means for 
poWering the pump motor. Batteries are a suitable choice of 
poWer for portable units. Some prior art pumps may use 
disposable batteries While other pumps may use rechargeable 
batteries. 

Disposable batteries have proven to have a longer life than 
the life of a rechargeable battery (With a single charge). Dis 
posable batteries are also typically smaller than rechargeable 
battery units. HoWever, there is an environmental disposal 
concern With such batteries, as they place a considerable 
burden on the environment. Disposable batteries are respon 
sible for a major share of heavy metal pollution in domestic 
Waste. Despite special collection efforts and consumer aWare 
ness campaigns, a high percentage of batteries sold still end 
up in domestic Waste sites. Heavy metals eventually leak from 
the batteries into the ground soil, damaging the environment. 

Environmental concerns are greatly alleviated if recharge 
able batteries are used in place of disposable batteries. HoW 
ever, Where such batteries or battery packs are rechargeable, 
an AC outlet is usually necessary. A separate charger, as is 
Well-known in the art, is also required for the recharging 
effort. Unfortunately, these facilities are not alWays readily 
available or accessible to the patient and, With respect to the 
usual adapters and extension cords, they add to the bulk and 
Weight of the infusion pump system. Furthermore, in certain 
pumps utiliZing rechargeable batteries, the pump itself must 
be used in the recharging effort as it typically houses the 
transformer used in the recharging process. 

Batteries and battery packs that are large and bulky signi? 
cantly add to the Weight of the portable infusion pump. 
Weight and siZe of the infusion pump is an important consid 
eration because it may be carried about by nurses or other 
hospital personnel. The pump must also be siZed to be 
attached to an IV. pole. The I.V. pole, With attached pump, 
may be moved about in a hospital setting. In addition, Where 
interrupted operation of the pump may have negative conse 
quences, extra batteries or an extra battery pack may be added 
to the carrying necessities of the infusion pump. In some 
instances, the carrying of a second set of batteries or a back-up 
battery pack may double the Weight of the poWer source. 

Thus, there is seen in the prior art advantages and disad 
vantages to both disposable and rechargeable battery poW 
ered pumps. It should be understood that under certain cir 
cumstances, a pump that uses disposable batteries may be 
preferable or the only option available (if no outlet is avail 
able). Under other circumstances, the bene?ts of loWer cost 
and environmental concerns may dictate that rechargeable 
batteries are preferred. 

In addition to the above, customs and/or regulations of 
different sovereigns may dictate the use of one type of poWer 
source for a pump over another. For example, in the U.S., 
pumps poWered by disposable batteries have long been pre 
ferred due to their convenience and ability to provide poWer 
for extended periods of time. On the other hand, in Europe, 
rechargeable battery poWered pumps are preferred, due to 
environmental concerns With the disposal of battery Waste. 
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In light of the advantages and disadvantages that both 
disposable and rechargeable batteries provide, it may be 
desirable for some to alternate use of both battery types. 
However, it can be easily recognized that it Would prove 
burdensome and a Waste of space and resources to supply or 
have on hand tWo separate pumps, each utiliZing a different 
battery type. 

It may also be desirable for manufacturers of pumps to 
satisfy the needs of users of rechargeable battery poWered 
pumps as Well as disposable battery poWered pumps. HoW 
ever, it is costly for manufacturers of pumps to manage 
entirely separate lines of pump types or forego supplying one 
pump type over another. Thus, it is recogniZed that several 
advantages exist for a pump that can utiliZe both disposable 
and rechargeable batteries. There exists a need in the art for a 
pump that may utiliZe both disposable and rechargeable bat 
teries. There also remains a need for a pump that utiliZes 
rechargeable batteries that can be re-charged Without the use 
of the pump. 

Additional problems have also been experienced With infu 
sion pumps. For example, certain sensing systems that detect 
Whether an occlusion is present in an infusion line have 
proven to be unreliable or too complex in construction. Cer 
tain syringe plunger position detectors and syringe barrel siZe 
detectors have also proven to be unreliable. In addition, drive 
mechanisms for syringe plungers have also proven to be 
unreliable as certain components become stripped or jammed 
adversely affecting the mechanism. 

The present invention is provided to solve these and other 
problems. 

SUMMARY OF THE INVENTION 

The present invention is generally directed to an infusion 
pump for delivering a ?oWable material, such as a ?uid medi 
cation, to a patient through an infusion line. 

According to one aspect of the invention, the infusion 
pump is con?gured to be poWered by either a disposable 
battery or a rechargeable battery. The infusion pump has a 
housing having a recess. A motor is positioned Within the 
housing and is operably connected to an electrical contact 
disposed in the recess. The motor poWers the pump. The 
recess is adapted to receive one of a disposable battery unit 
and a rechargeable battery unit. 

According to another aspect of the invention, the recharge 
able battery may be in the form of a rechargeable battery unit. 
The rechargeable battery unit has a transformer positioned 
Within the unit. A conductive element for providing poWer 
from an AC poWer outlet is coupled to the transformer. A 
sWitch is provided for receiving a ?rst electronic signal 
indicative of Whether the conductive element is providing 
poWer to the AC poWer source. A DC poWer source signal is 
provided by said AC poWer outlet and rectifying circuitry. A 
rechargeable battery source signal is provided from a recep 
tacle Within said rechargeable battery unit. The sWitch con 
nects the DC poWer source signal to output terminals of the 
rechargeable battery unit only if the ?rst electrical signal 
indicates that the conductive element is not providing poWer 
from the AC poWer source. 

According to another aspect of the invention, the infusion 
pump is adapted to receive a syringe having a syringe barrel 
moveably receiving a syringe plunger therein. The infusion 
pump has a housing de?ning a compartment adapted to 
receive the syringe. The compartment has a rear Wall. The 
housing further has a curved lip generally adjacent to the rear 
Wall. A clamp is connected to the housing and is positioned in 
the compartment in confronting relation to the rear Wall. The 
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4 
syringe can be loaded into the compartment betWeen the rear 
Wall and the clamp Wherein upon initial insertion, the curved 
lip is adapted to slidingly engage the syringe barrel alloWing 
generally one-hand loading of the syringe into the compart 
ment. Syringes of a variety of different siZes can be loaded 
into the pump in this fashion. The curved lip has a length 
generally in correspondence With a length of the syringe 
barrel adapted to be received in the compartment. The clamp 
is slidable by rollers positioned at one end of the clamp. 

According to another aspect of the invention, the infusion 
pump has a housing having a compartment adapted to receive 
a syringe having a barrel and a plunger. A drive mechanism is 
supported by the housing and is adapted to contact the plunger 
to move the plunger Within the barrel. The drive mechanism 
further has a linearly moveable arm having a load cell 
mounted thereon. A load beam is pivotally connected to the 
arm. The load beam has one side contacting the load cell and 
another side adapted to contact the plunger. Upon movement 
of the arm to move the plunger, the load cell senses a reactive 
force from the load beam. The load cell converts the force into 
a usable signal Wherein an occlusion is signaled if the usable 
signal is outside a predetermined acceptable range. 
According to another aspect of the invention, the infusion 

pump has a syringe plunger position sensor and a syringe 
barrel siZe sensor. Each sensor utiliZes a magnet/ linear sensor 
array assembly. 

According to a further aspect of the invention, the drive 
mechanism has a lead screW rotatably connected to a motor. A 
slide assembly has a threaded member Wherein the threaded 
member is associated With the lead screW. The arm has one 
end connected to the slide assembly and one end adapted to be 
engaged With the syringe plunger. The threaded member is 
rotatably biased in engagement With the lead screW, Wherein 
upon rotation of the lead screW by the motor, the slide assem 
bly linearly moves the arm Wherein the arm is adapted to 
move the syringe plunger Within the syringe barrel. In one 
preferred embodiment, the threaded member is a rotary nut. 

According to another aspect of the invention, the infusion 
pump has improved communication capabilities. The pump 
has a user interface having a memory for storing infusion 
data. The pump has a data port Wherein infusion data can be 
transferred via infrared communication from the pump to a 
personal digital assistant. 

Other features and advantages of the invention Will be 
apparent from the folloWing speci?cation taken in conjunc 
tion With the folloWing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To understand the present invention, it Will noW be 
described by Way of example, With reference to the accom 
panying draWings in Which: 

FIG. 1 is a front perspective vieW of one embodiment of an 
infusion pump Which may be con?gured in accord With and 
embody the present invention; 

FIG. 2 is another front perspective vieW of the infusion 
pump of the present invention With an access door removed; 

FIG. 3a is a front elevation vieW of the infusion pump of the 
present invention; 

FIG. 3b is another front elevation vieW of the infusion 
pump of the present invention mounted in an alternative con 
?guration; 

FIG. 4A is a rear perspective vieW of the infusion pump of 
the present invention, shoWing a rechargeable battery unit 
associated thereWith; 



US 7,766,863 B2 
5 

FIG. 4B is a rear perspective vieW of the infusion pump of 
the present invention, showing a disposable battery unit asso 
ciated thereWith; 

FIG. 5 is another rear perspective vieW of the infusion 
pump of the present invention With the battery unit removed; 

FIG. 6 is a rear elevation vieW of the infusion pump of the 

present invention; 
FIG. 7 is a side elevation vieW of the infusion pump of the 

present invention; 
FIG. 8 is an opposite side elevation vieW of the infusion 

pump of the present invention; 
FIG. 9 is a perspective vieW of the rechargeable battery unit 

shoWn in FIG. 4A; 
FIG. 10 is a side elevation vieW of the rechargeable battery 

unit shoWn in FIG. 9; 
FIG. 1 1 is an end elevation vieW of the rechargeable battery 

unit shoWn in FIG. 9; 
FIG. 12 is a electrical schematic vieW of the rechargeable 

battery unit; 
FIG. 13 is a perspective vieW of the disposable battery unit 

shoWn in FIG. 4B; 
FIG. 14 is a schematic vieW of a syringe drive mechanism 

and occlusion sensor for the infusion pump of the present 
invention; 

FIG. 15 is partial perspective vieW of the syringe drive 
mechanism and further shoWing a syringe plunger position 
indicator; 

FIG. 16 is a partial plan vieW of the syringe drive mecha 
nism and further shoWing the syringe plunger position indi 
cator; 

FIG. 17 is a partial plan vieW of the syringe plunger posi 
tion indicator; 

FIG. 18 is a perspective underside vieW of the syringe drive 
mechanism and further shoWing a syringe barrel siZe indica 
tor; 

FIG. 19 is an enlarged partial perspective vieW of a syringe 
barrel clamp of the infusion pump of the present invention; 

FIG. 20 is partial perspective vieW of a video display and 
pad associated With a user interface of the infusion pump of 
the present invention; 

FIG. 21 is a partial cross-sectional vieW of the video dis 
play mounted in a housing of the infusion pump; 

FIG. 22 is a partial perspective vieW of the syringe drive 
mechanism; 

FIG. 23 is a partial cross-sectional vieW of the syringe drive 
mechanism; 

FIG. 24 is a partial perspective vieW of a slide assembly of 
the syringe drive mechanism having a rotary nut in a disen 
gaged position; 

FIG. 25 is a cross-sectional vieW of the slide assembly of 
FIG. 24 in a disengaged position; 

FIG. 26 is a partial perspective vieW of the slide assembly 
Wherein the rotary nut is in an engaged position; 

FIG. 27 is a cross-sectional vieW of the slide assembly of 
FIG. 26 in an engaged position; 

FIG. 28 is a perspective vieW of the rotary nut; 
FIG. 29 is an elevation vieW of the rotary nut; 
FIG. 30 is an underside perspective vieW of the rotary nut; 
FIG. 31 is a schematic Wiring diagram of a patient con 

trolled analgesia button associated With the pump of the 
present invention, the button being in an at rest position; 

FIG. 32 is another schematic Wiring diagram of the patient 
controlled analgesia button associated With the pump of the 
present invention, the button being in an actuated position; 
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FIG. 33 is a table summarizing information revealed by the 

circuits associated With the button of FIGS. 31 and 32. 

DETAILED DESCRIPTION 

While the present invention is susceptible of embodiment 
in many different forms, there is shoWn in the draWings and 
Will herein be described in detail preferred embodiments of 
the invention With the understanding that the present disclo 
sure is to be considered as an exempli?cation of the principles 
of the invention and is not intended to limit the broad aspect 
of the invention to the embodiments illustrated. 

Referring to FIG. 1, therein is shoWn one embodiment of an 
infusion pump of the present invention generally referred to 
With the reference numeral 10. The infusion pump 10 gener 
ally includes a housing 12 that supports a syringe assembly 
14, a user interface 16, a poWer supply 18, a drive mechanism 
20 having an occlusion sensor 22 (FIG. 14), and a syringe 
sensor system 24 (FIGS. 15-18). 
While the present invention discloses a portable infusion 

pump, such as, for example, a syringe-based infusion pump, 
and their progeny, designed and manufactured by Baxter 
International, Inc. of Deer?eld, Ill., it is understood that indi 
vidual aspects of the invention that can be incorporated into 
other types of pumps or other electrical or medical devices. 
As shoWn in FIGS. 1 and 2, the housing 12 of the pump 10 

has a generally contoured shape. The housing 12 includes a 
?rst member 26 and a second member 28 that are connected 
together to form a central cavity 30. The central cavity 30 
houses various components of the pump 10 including the user 
interface 16. The ?rst member 26 of the housing has an 
opening 32 that accommodates a display screen of the user 
interface 16.As shoWn in FIG. 5, a rear portion of the housing 
12 has a receptacle or recess 33 that is adapted to receive the 
poWer supply 18 to be described in greater detail beloW. At a 
bottom, front portion of the housing 12, a container compart 
ment or syringe compartment 34 is de?ned that accommo 
dates the syringe assembly 14, a portion of the drive mecha 
nism 20 and other components. The ?rst member 26 of the 
housing 12 has a hinged access door 36 that encloses the 
syringe assembly 14 in the compartment 34. The access door 
36 is preferably transparent in order for medical personnel to 
vieW the contents in the syringe assembly 14. A lock 38 is 
provided With the door 36 to prevent unauthorized access to 
the syringe assembly 14. The lock 38 is required because 
oftentimes drugs such as morphine are infused by the pump 
10 and can be unfortunately subject to theft. An upper portion 
of the housing 12 is provided With a handle 40. The housing 
12 can be made from a variety of materials including various 
types of plastics and metals. As shoWn in FIGS. 4-8, the 
housing 12 has a pole clamp 42 attached to the second mem 
ber 28 of the housing 12. The pole clamp 42 can have various 
designs and is adapted to mount the pump 10 on a pole 
assembly such as used in a hospital setting. In a preferred 
embodiment, the pole clamp 42 is adapted to be able to mount 
the pump 10 in various positions. For example, the pump 10 
can be mounted in a generally horiZontal position shoWn in 
FIG. 3a or a generally vertical position shoWn in FIG. 3b. 

FIG. 2 discloses the syringe compartment 34 in greater 
detail. Generally, the syringe compartment 34 is dimensioned 
to receive and support the syringe assembly 14 as Well as 
receive a portion of the drive mechanism 20. Brie?y, the 
syringe assembly 14 generally includes a syringe barrel 46 
and a syringe plunger 48. The syringe barrel 46 contains 
medication and slidably receives the syringe plunger 48. The 
syringe plunger 48 is driven by the drive mechanism to force 
medication from the syringe barrel 46 through a tube (not 












